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Abstract: To explore on the defense strategies against herbivory of 5 Cornus species, morphological characteristics
of the leaf, leaf domatia structure and the number, herbivores insects and mites on the leaves, collected from the
trees growing in Mt. Chiak, Mt. Cheongtae, Mt. Jungwang, Mt. Taebaek, Namyangju-si, Jeju-si and Wonju-si, were
investigated from April to July, 2009. The results are summarized as follows. Domatia of C. officinalis reveals tuft
type, these of C. walteri and C. macrophylla reveals pocket type, that of C. controversa reveals pocket+tuft type, and
that of C. kousa does tuft+pocket type. Domatia number per leaf proves the highest figures 14.0/leaf for C.
macrophylla and the lowest 4.2/leaf for C. kousa. Leaf surface trichomes of 5 Cornus species reveals strigose.
Trichome density of lower leaf surface is higher than upper one. Extrafloral nectaries are not found on the leaf margin
of 5 Cornus species. Mite's number per leaf proved highly significant differences among tree species, and mean of
mite's number was highest values 6.0/leaf in C. walteri and the lowest values 1.9/leaf in C. macrophylla. Minute-
arthropods attacking the leaf of Cornus species are such as gall mites, Diaspididae sp., Psylla sp., Tetranychus
urticae, and Toxoptera odinae. Observed natural enemies of these herbivorous arthropods are such as predatory
mites, Aphidius ervi, Chilocorus rubidus, Vespa crabro flavofasciata, Coccinella septempunctata and the nymph.
Formica japonica is co-works with aphids, and supports herbivores. These results indicate that protective mutualisms
may be frequent in the temperate broadleaved trees.
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Introduction
Since plants appeared on earth, they have been endlessly
attacked by herbivorous insects or animals. Therefore, they
evolved by developing various defense mechanisms. The
defense mechanisms known so far include thorns or hair
stemming from leaves or stems. Or they try to get away
from insects and animals by secreting chemicals which are
the products of metabolism. For indirect defense mechanisms,
they lure carnivorous insects into fighting herbivorous
counterparts by secreting volatile substances or secrete
nectar on parts other than flowers (extrafloral nectary, EFN)
to entice ants or wasps so that the insects chase away
herbivorous insects. (Heil, 2008) Another outstanding
defense mechanism was introduced by Lundstroem (1887).
He discovered the fine structure on the back of leaf which
was used as a haven for predacious and fungivorous mites
and named it acrodomatia (mite house) compared with an
ant’s nest. However, domatia is more frequently used. The
domatia is a fine space situated between a midrib and
lateral vein. It is known as a habitat where predacious or
fungivorous mites lay eggs or molt. O’Dowd and Pemberton
(1998) studied the distribution and abundances of canopy
mites in Kwangleung and Mt. Jeombong. They found out
that 50 percent of woody plants including dominant species
have domatia. They also examined 24 species about
domatia and habitation of mites, and discovered the
mutualism between mites and woody plants. It was
observed that 70 percent of live mites and 80 percent of
eggs were found in a domatia and the existence of domatia
affected abundances of predacious or fungivorous mites.
This observation matched reports (Port and Scopes, 1981;
Walter, 1996; Kabicek, 2003; Monks et al., 2007;
Weintraub and Palevsky, 2008) that maintained mutualism
between plants and mites and claimed it proved frequent
mutualism between plants and mites in the temperate
zones. O'Dowd et al. (1991) discovered the interaction
between plants and mites similar to contemporary plants
and mites in Elaeocarpaceae and Lauraceae in the fossils of
the Eocene Epoch found in Australia and reported that the
interaction between mites and plants were pervasive in
southern parts of Australia 40 million years ago. Norton et
al. (2000) found out that for trees of Vitis riparia, mite
population was denser in leaves with domatia than leaves
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with clogged domatia and for inter-clone comparison,
leaves with larger domatia showed denser mite population
than leaves with small domatia. They also reported that the
domatia in leaves of V. riparia protected two species of
beneficial mites from dehydration, excessive humidity and
predatory insects and the domatia raised the survival rate of
fungivorous and predacious mites in a condition that the
mites lived among natural enemies like Orius sp. (Norton et
al., 2001). Skirvin and Williams (1999) carried out the test
on three species of garden plants which had different
structures and shapes, and herbivorous and predacious
mites. They found that significant difference among plant
species was recognized in breeding rate and mobility of
herbivorous mites, but significant difference was not
recognized in mobility of predacious mites. They reported
that the plant structure might affect survival of predacious
mites when the population of herbivorous mites was low.
Agrawal and Karban (1997) discovered that Geocoris sp.
devoured herbivorous mites in cotton leaves and biological
control could be made to eliminate mites in general plants
instead of using insecticides. They maintained that the
improvements of foliar characteristics like domatia by plant
breeding and genetic engineering could raise natural
enemies and efficiency. Kim et al. (2006) reported that the
biological control of thrips with Orius strigicollis and
Amblyseius cucumeris on greenhouse crops. Lee and Ryu
(1989) reported five species of Phytosiidae including three
unrecorded species insisting that Korean phytoseiid mite
was a small and nimble arthropod and a very important
natural enemy to spider mites or false spider mites. Ryu et
al. (1997) examined the habitats and abundances of Korean
phytoseiid mites, which were the most representative
predators of predacious or fungivorous mites, and found
that the most species and individuals lived on chestnut trees
(Castanea crenata) and cherry trees (Prunus serrulata var.
spontanea) and the dominant mites were Amblyseius eharai
and Amblyseius finlandicus.
This study was conducted on five species of genus Cornus
to search defense strategies of broad-leaved trees against
herbivory from April to July 2009. Physical characteristics
of leaves, domatia structure and herbivorous insects and
existence of mites were studied.
Materials and Method
All the studies were carried out from early April to late July,
2009. Five species examined were Cornus walteri, C.
macrophylla, C. kousa, C. officinalis and C. controversa.
More than three mature leaves were taken from three
branches of randomly selected three individual trees,
respectively, from those growing in Mt. Chiak, Mt.
Jungwang, Mt. Cheongtae, Mt. Taebaek, Namyangju-si and
Wonju-si.
The leaves taken were placed immediately in a zipper
bag in an ice box which was then transported to the
laboratory. The leaves were put in a fridge in the lab for
examination. First of all, the number of domatia located in
vein axils on the back of leaf was calculated under 20 times
hand lens. Using from 10 to 80 times microscope, physical
characteristics like hair on front and back of a leaf, mites on
leaves, and arthropods were observed and photographed.
For insects, real photos were taken under the microscope
and then dried sample were made while identifying them.
Identifications by taxon referred to Korean Insects(1998)
published by the Korean Entomological Research Institute
Publishing Company of Korea University, Diagnosis and
Control of Pests in Horticultural Crops and Trees(2005) and
other literature. The classification of mites was based on
Krantz et al. (2009) and other literature (Ryu et al., 1997;
Lee & Ryu, 1989). Based on the research data, the average
Table 1. Defense strategies against herbivory of 5 Cornus species
Species
Type of
Domatia*
1
Domatia no.
/leaf
Mites no.
/leaf
Type of trichome
No. of trichome
/mm
2
EFN*
2
Observed Arthropods
(Total No./30 leaves)
Remarks*
3
Upper Lower
Cornus walteri P 8.1c 6.0
strigose on vein & 
blade
1.3 b 8.6 b - Gall mites; 44
 Wonju,
Namyangju
C. macrophylla P 14.0 a 1.9 '' 3.3 a 5.8 d -
Diaspididae sp.; 12
 Psylla sp.; 4/Gall mites; 5
Jeju
C. kousa T/P 4.2 d 3.0 '' 2.8 a 7.1 c -
Diaspididae sp.; 16 Psylla sp.:8
Toxoptera odinae; 3
Wonju, Jeju,
Namyangju
C. officinalis T 10.8 b 3.3 '' 1.8 b 3.2 e - Gall mites; 8
Wonju,
Namyangju
C. controversa P/T 13.4 a 3.6 '' 0.3 c 18.3 a -
Gall mites:62/Psylla sp.:12
Tetranychus urticae::20
Toxoptera odinae; 4
CA, CT, TB,
JW
F-values 113.95** 0.35
ns
29.33
**
86.9**
*
1
T: Tuft type, P: Pocket or Pit type, *
2
EFN: Extrafloral nectaries
*
3
CA: Mt. Chiak, CT: Mt. Cheongtae, JW: Mt. Jungwang, TB: Mt. Taebaek
Differences in letters in vertical columns indicate difference at 5% level for Duncan test.
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data among tree species were analyzed with SPSS (ver.
10.0).
Results and Discussion
Table 1 showed physical characteristics such as the structure
and numbers of domatia, number of mites, types and
density of hair, and the kinds and individuals of minute-
arthropods living on leaves of five tree species of the genus
Cornus.
The figures were the average values of more than thirty
leaves for each species taken from April to July, 2009. It
was found that C. officinalis had tuft type domatia that was
made when hair grew densely between axils, C. controversa.
a pocket+tuft type domatia, and C. kousa a tuft+ pocket
type domatia where axillae had much hair and partial space
while C. walteri and C. macrophylla had pocket type
domatia (Fig. 1). These domatia matched with those found
in the reports by O’Dowd and Pemberton (1994), but one
difference was C. controversa which was reported to have a
pocket type domatia but the two researchers classified it as
having a pocket+tuft type domatia. This small difference
can raise contention for different types and this is thought to
be attributable to the difference in sampling areas or
identification of the exactly same species. C. macrophylla
showed the highest number 14.0 domatia per leaf in terms
of the average number of domatia per leaf or small leaflet
per species and C. kousa showed the lowest number 4.2 per
leaf. Highly significant difference among sampled tree
species was admitted for the number of domatia per leaf.
The average number of domatia per leaf was divided into
four groups including C. officinalis, and C. kousa/C.
controversa/C. walteri/C. macrophylla. The calculations
were somewhat different from those of O'Dowd &
Fig. 1. Domatia structures of 5 Cornus species (○) and predatory mites (←).
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Pemberton (1994) who found that C. walteri had 8 domatia
per leaf, C. macrophylla 8.5 domatia, and C. officinalis /C.
controversa 12 domatia, respectively. The variation by
region and by individual could explain that even the same
species produced different results. Like domatia types, a
subjective opinion was thought to make differences in
judging what a domatia was and what was not under the
stereoscopic microscope.
The five species of the Cornus had more hair on venation
than blades and the hair was strigose. Usually, the back of
leaf has more hair than the front and highly significant
difference was admitted for hair density by area. Species
with more hair tend to have more domatia. Hair on a leaf
affects not only herbivorous insects but also carnivorous
insects. When it can be generally said that hairy leaves have
more domatia and are more likely to have predacious mites
living on them (Walter & O'Dowd, 1992: Grostal &
O'Dowd, 1994; Matos et al., 2006) as maintained in the
report of Seelmann et al. (2007) that the hair affects inter-
specific competition of predation for predacious mites, it
can be presumed that high hair density can be one of
defense mechanisms against herbivory. 
Fig. 2. Major insect pests on the leaves of Cornus species.
Fig. 3. Natural enemies of herbivorous arthropods on the leaves of Cornus species.
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Significant difference was not admitted for the number
of mites observed in a leaf. C. walteri had the most
individuals with 6.0 per leaf while C. macrophylla had the
lowest number of mites. As seen in the report by
Cuthbertson & Murchie (2007, 2004) on the change in the
number of predacious mites by seasonal change and feeds,
this result can be explained by the severe change. It was
found that the five species of the genus Cornus had domatia
and defense mechanism against herbivory while co-existing
with predacious mites through domatia though there was
some difference.
As an indirect defense mechanism to fight herbivorous
insects using carnivorous insects like ants, wasps and
predacious mites (Mathews et al., 2009; Heil, 2008; Heil et
al., 2001; Oliveira et al., 1999), extrafloral nectary (EFN),
which was selected by most plants, was not observed in the
five species. This was different from the report by Kim et
al. (2009) who reported EFN was found in Acer palmatum,
A. pseudo sieboldianum, A. tegmeutosum, and A.
tschonoskii var. rubripes.
For the number of minute-arthropods, which destroyed
leaves, observed in 30 leaves, Eriophyidae showed the most
minute-arthropods followed by scale insects, Psylla sp.,
Tetranychus urticae and Toxoptera odinae (Fig. 2). The
number of minute-arthropods per leaf sharply varied among
trees. C. controversa and C. walteri had relatively many
minute-arthropods while C. officinalis, C. kousa and C.
macrophylla had fewer minute-arthropods.
Aphidius ervi and predacious mites were observed as the
natural enemies of minute-arthropods that destroyed leaves
of the Cornus (Fig. 3). Other natural enemies were wasps,
Heteroptera and ladybugs. Unlike the reported case
(Oliveira et al., 1999) of Crematogaster brevispinosa
which co-lived with plants in tropical or sub-tropical areas,
Formica japonica was found to co-live with aphids and
destroy the trees of the Cornus (Fig. 1). The mummy of
aphid that inflated after spawning was observed in the
leaves of C. kousa (Fig. 3).
This result was thought to indicate that the mutualism of
mites with broad-leaved trees in the temperate area was
universal.
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